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Introduction 


In nutritional studies the proper evaluation of the results depends upon the 
manifestations of deficiencies. It is essential, therefore, to control all the factors 
which enter into the nutritional functions of the organism under study. In order 
to do this, the intervention of symbiotic organisms should be avoided if possible 
and diets of known chemical entities should be formulated with the ingredients 
combined in known quantities. Using the cockroach, Blattella germanica (L.), 
the first condition can be approached, inasmuch as cockroaches can be made 
aseptic by freeing them from the fauna and flora of their intestinal tract and of 
their environment following the method described by House and Patton (1949). 
In the present study the second difficulty has been overcome by using diets 
formulated especially for this species, among the most important of which is a 
chemically defined food consisting of known quantities of amino acids, carbo- 
hydrates, vitamins, sterols and minerals. : 

The nutritional requirements of other species of insects must be taken into 
account before considering the formulation of a diet designed to contribute to 
optimum nutrition and growth in the cockroach. Many vitamins are clearly 
essential. Those that are required for several species of insects were found by 
Fraenkel and Blewett (1943a, 1946a, 1946b) and Golberg, de Meillon and Lavoi- 
pierre (1945) to include thiamine, riboflavin, niacin, choline chloride, folic acid 
and possibly inositol and p-aminobenzoic acid. A requirement for sterols, par- 
ticularly cholesterol was shown by Hobson (1935) and Fraenkel, Reid and 
Blewett (1943b). The fatty acids linoleic and linolenic were shown by Fraenkel 
and Blewett (1946c) to affect the emergence of several species of Ephestia. The 
work of Loeb (1915) and Frost, Herms and Hoskins (1936) has disclosed definite 
mineral requirements in insects. Drosophila melanogaster Meig. can be reared 
by sterile culture methods (Shultz, St. Lawrence and Newmeyer, 1946) on a 
chemically defined diet. McCay (1938) has shown that casein supports growth 
of B. germanica quite favorably. Bowers and McCay (1940) and Bowers (1940) 
have shown that a requirement exists for a factor found in yeast other than 
vitamin B,, as well as for an unknown fat soluble substance. No requirement 
was shown for the fat soluble vitamins A, D and E. Wollman, Giroud and Rat- 
simamanga (1937) have shown that B. germanica can synthesize vitamin C. A 
more complete review of the literature has been made by Trager (1947). 

The purpose of the present study was to formulate a chemically defined 
diet which would satisfactorily support the growth of nymphs of B. germanica 
reared aseptically from treated ootheca. 


1This investigation was aided by a grant from the Lalor Foundation, Wilmington, Delaware. 
2Present address: Dominion Parasite Laboratory, Belleville, Ontario. 
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Materials and Methods 
One diet was prepared from natural substances and this was used as a basis 
for comparison with other diets. The diet was similar to one used by Woodruff 
(1938) and consisted of 40% whole wheat flour, 40% dried skim milk and 20% 


dried brewer’s yeast, It was fed under non-aseptic conditions and designated as 
Diet No. 1. 


Through preliminary trials two highly purified diets were developed. The 
first of these was provided by an artificial food formulated from casein, glucose, 
fats, sterols, vitamins and minerals. The vitamin content used was based upon 
the quantities suggested by Fraenkel and Blewett (1946a). This diet, fed under 
non-aseptic conditions, is designated as Diet 2. The second diet, referred to as 
Diet 3, was essentially the same, but its composition was slightly modified. It was 
sterilized and used only in aseptic feeding tests. 

The most important diet developed during the course of this work was one 
formulated from determined quantities of known chemical substances. It served 
as the basic diet from which any individual substance could be omitted and thus 
could be used as a control diet when comparisons were required to evaluate the 
effect of omitting any one or more of the ingredients. It is designated here as 
Diet 4. 

In this diet a mixture of amino acids comparable in number and in relative 
quantities to those of casein was substituted for protein. The composition of this 
mixture is shown in Table I. It is based on the maximum quantities in casein 
shown by Block and Bolling (1945). Their formula was not followed entirely, 
however, since it was necessary to use the racemic form of several amino acids. 


TABLE I. 
Composition of the amino acid mixture 








Data from Quantity to Weight per gm. 
Amino acid Block and adjust for of total 

Bolling (1945) 1 form (gm.) mixture (gm.) 
(modified) (gm.) 
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In these cases it seemed advisable to increase the quantity of acid (Table I) in 
order to supply the / form in greater concentration. In addition, the quantity 
of glycine and of cystine, occurring at a relatively low level in casein, were 
increased in order to avoid a possible deficiency. The amino acids were mixed 
with the other purified ingredients to complete this synthetic diet. 


Schultz, St. Lawrence and Newmeyer (1946) observed that ribose nucleic 
acid accelerated growth of D. melanogaster, reared under sterile conditions in a 
chemically defined medium. It was considered advisable therefore to include it 
in the chemically defined diet prepared for use in tests with the cockroach. 
Ribose nucleic acid was added to Diet 4 at the rate of 5.0 mgm. per gram of diet. 
This mixture is designated as Diet 5 and was fed aseptically. The composition of 
the principal diets used is shown in Table II. 


TABLE II. 






Composition of the principal diets 








Quantities in per cent 















Constituents 














Diet 2 Diet3 | Diet 4 
Casein (vitamin-free)......... 30.0 30.0 
Amino acid mixture (Table I) 30.0 
(AO ivi na is Hoxexads tas 65.0 
White GemtPtn 8. i nee cn. 65.0 65.0 
IIIS 6 ici a. aco Sty ie ain 0.5 0.5 0.5 
Ergosterol.@ .....000ae ed. 0.5 0.5 0.5 
Mineral mixture (U.S.P. No. 1) 3.0 3.0 3.0 
Soybesll Gi jos ces ees 1.0 1.0 1.0 
BE vicisecsinuesight: .0 .0 .0 














Vitamins per gram of diet 




















RES vt 0.05 mgm. 0.10 mgm. 0.10 mgm. i 
on See Te Ee DE ee 0.05 0.10 0.10 ! 
NAMaias iy iid sp slceiaaian -s 0.05 0.10 0.10 c 
Adermin hydrochloride....... 0.05 0.10 0.10 : 
Calcium pantothenate........ 0.05 | 0.10 0.10 ; 
P-amingbenzoic acid......... 0.05 | 0.10 0.10 
oa Ret eats 0.50 | . 1,00 1.00 
Choline chloride. ............ 0.50 ae 1.00 
WOM i oo os Fane as 0.002 | 0.004 0.004 
Biotin (aqueous solution). .... 0.25 ug. | 0.25 ug. 0.25 ug. 

| 












From Table II it is apparent that the diets are somewhat similar in composi- 
tion. As already indicated the substitution of amino acids for protein characterizes 
Diet 4. In Diet 3 and Diet 4, both of which are autoclaved before using in aseptic 
assays, the quantities of vitamins were increased over those supplied in Diet 2; 
the only exception to this was in the use of biotin which at high concentrations 
has been shown to be toxic to Tribolium confusum Duval (Fraenkel and Blewett, 
1943a). It was found that glucose was unsatisfactory due to its hygroscopic 
properties and its instability during autoclaving. Accordingly, diets containing 
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glucose became viscid in the moist atmosphere of a rearing cage and if autoclaved, 
they broke down and were quite unsuitable for use. This situation was corrected 
satisfactorily when dextrin was substituted for glucose. 


In preparing the diets each ingredient was accurately weighed and carefully 
mixed with the other components. The natural diet (No. 1) was mixed in the 
usual manner and its preparation need not be described. With the more complex 
diets, weighed quantities of the glucose or dextrin, the mineral mixture and the 
casein or amino acids were mixed together first. The vitamins, sterols, soybean 
oil and 2 ml. of water were stirred together and kneaded gradually into the 
more bulky components. The whole mass was reduced to fine particles by means 
of a Wiley mill or a mortar and pestle. The material was then allowed to dry 
thoroughly, before it was reground and put into large colored glass bottles. The 
diets to be sterilized were autoclaved in these containers. When their preparation 
is completed, the foods may be stored in a cool place until used. 


The methods and equipment used to sterilize the food, to obtain aseptic 
nymphs and to rear and handle them during assays are described by House and 
Patton (1949). 


Both the aseptic and non-aseptic feeding tests were conducted at a temper- 
ature regulated to 29.5 + 0.5°C and at a relative humidity of approximately 70%, 
in an insulated room. An electric fan was used to circulate the air. The room was 
kept darkened during the experiments except while records were being taken. 
The rearing cages were placed on tiers of shelves arranged around the room. 
Care was taken to arrange the cages in the room on the basis of a randomized 
distribution in relation to one diet with another. 


The experiments were set up in a manner designed to provide data on 
growth covering the entire feeding period and in a form that could be analysed 
by statistical methods. To do this, the insects were reared individually. The 
nymphs from each egg capsule were taken at random and the number divided 
equally for use in tests on each experimental diet. The assumption of a 50:50 sex 
distribution was confirmed by earlier rearing trials and it is therefore unlikely 
that the sex ratio influenced the results of the present experiments. 


The evaluation of the results is based upon the rate of growth of the indivi- 
duals as expressed by their weight increment. The weight of each nymph was 
determined at intervals of one week. Those reared under non-aseptic conditions 
were weighed on an analytical balance, whilé the individuals reared aseptically 
were weighed on a Salvioni balance set up within the aseptic chamber. In evalu- 
ating the growth data only the weights of individuals surviving the assay period 
were considered. Among those reared aseptically, the growth data of any indivi- 
dual shown to be contaminated with mieroorganisms were discarded. The data 
were later brought together and the significance of the differences between the 
rates of growth was determined by the analysis of variance as outlined by 
Paterson (1939). 


Results 


The results of this series of studies are summarized in Table III. Rearing 
records of B. germanica fed on five experimental diets are summarized in Table IV. 


Discussion 
It will be seen from the data that the rate of growth is different on each diet 


and that growth is more rapid on diets fed non-aseptically than on those fed 
aseptically. The weekly mean weights of the insects are shown graphically in 
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TABLE III. 


Weekly mean weights of cockroaches in mgm. 





















































Diets 
Weeks 
1 2 3 4 5 
1 2.5 F 0.1 2.4 40.1 2.5 F 0.2 2.7 + 0.1 2.3 = 0.1 
2 Ot: Os2 3.9- “4 24.8.2 ae 3.4 0.3 
3 6.2 0.4 aa, oom 2.9. O2 te te 5:5. @.4 
4 10.4 0.8 8.1 0.6 2.7% D.4 1.8. oe 7.6 0.6 
5 17.4° 3.21 -42.4 6.8 4.9 0.6} 10.1 0.5|;10.9 0.4 
6 27.1 2:2 Paget P32 3.7 SOB 48.6 OG) id: FS 
7 39.4 2.8) 29°2%.- 2:2 7.5 1.1| 16.7 0.8] 18.9 2.3 
8 O89 3.4 1.4306: “52.9 S.4:,: 1.84.20 )5 0:9 1-6: |. 22 
9 10.4:.1.7) 3s 1.4} 30.9 3.4 
10 7a. 4 6.7:| 3142 1.7 | 3320. 22 
11 14.0 2.4) 40.4 2.1|44.4 3.4 
12 16.2 3.2) 43.9 2.4] 48.1 3.1 
TABLE IV. 
Rearing records of B. germanica fed on five experimental diets 
Number of Appearance of Adults appearing 
Individuals biant. Length first adult during assay period 
Diets alit of assay P t 
Initial | Final (%) (weeks) | Week Sex Sex of initial 
number 
1 49 45 8.2 8 7 12 307° 79 20.4 
2 50 46 8.0 8 8 jid 1¥ |1d@ 29 6.0 
3 36** 23 34.3 12 12 19 19 2.9 
4 41 35 14.6 12 11 |2¢ 50° 49 21.9 
5 23 22 4.3 12 8 12 |6c 49 43.5 





























** 1 contaminated (disqualified). 


Fig. 1. The curves illustrate the differences between the growth trends of nymphs 
reared on five experimental diets. 

The difference between the weight of the insects reared on the aseptic and 
on the non-aseptic diets is clearly significant (P<o.o1). Similarly the difference 
between the results of growth on Diets 3 and 4, both treated aseptically, is 
significant (P<o.o1), but between Diets 1 and 2, both used non-aseptically, the 
difference is of doubtful significance since P is only slightly less than 0.5. The 
difference in weight between the-insects reared on Diet 4 and on Diet 5 is not 
significant (P>o.5) at either the eighth or the twelfth week. 

The growth of nymphs reared on the chemically defined diet was not as 
rapid as on the natural food materials (Fig. 1). This may have been partly due 
to the fact that racemic mixtures of amino acids were used. It has been shown by 
Shultz, St. Lawrence and Newmeyer (1946) that these mixtures are toxic to 


See eae 


af | 
at 
a 
iA 

: 
4 

4 















110 THE CANADIAN ENTOMOLOGIST May 1949 














a 

5— 

ao 

3s 
a” J 
has 
5 * e 
3 & 
= 
< 
‘= 
a 
°S 
uu 
= 

* 
2 
| 2 3 4 5 6 y 8 a 410 uw 2 


TIME IN WEEKS 


Fic. 1. Growth trends as shown by the weekly mean weights of B. germanica nymphs reared 
on five experimental diets. Diet 1 contained natural substances, Diets 2 and 3 highly 
purified artificial foods, Diet 4 chemically defined substances and Diet 5 was the same 
as Diet 4 plus ribose nucleic acid. 


D. melanogaster. Nevertheless, in the cockroach the rate of growth of nymphs 
reared on Diet 4 nearly equaled the rate of growth of nymphs reared on Diet 1. 
Males and females, reared aseptically through all their nymphal stages on Diet 4, 
mate and reproduce and their progeny become normal, vigorous adults. Thus, 
the diet is adequate for satisfactory growth, development and reproduction. 
Hence, it can be used in nutritional work particularly with B. germanica and 
possibly with many other species to study dietary requirements and to determine 
the metabolic function of any dietary constituent by withholding any com- 
ponent of the diet. 


The addition of nucleic acid to the chemically defined diet did not signi- 
ficantly influence the rate of growth, as determined on a weight basis. On the 
other hand, when nucleic acid was included in the diet, there were fewer deaths 
and a greater proportion of the nymphs reached maturity during the course of 
the experiments (Table IV). Thus, the influence of nucleic acid is not clear and 
it remains for future work as to determine its role and importance in the nutrition 
of the cockroach. 


From the data obtained it can be seen that the rate of growth is most rapid 
on Diet 1 which is composed of natural food materials. If it is assumed that the 
rate of growth on this diet is normal, then the rate of growth on the other diets 
may all be considered as subnormal. The differences in the rates of growth 
indicate an unsatisfied demand for essential nutrients. 
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In this work and in that of Gier’s (1947) a decrease is shown in the rate of 
growth when cockroach nymphs are reared aseptically. In the present study 
growth on Diet 2 indicates that the requirements for normal growth were closely 
approximated with the combination of purified chemicals used in that diet, but 
when it is sterilized and fed aseptically as in Diet 3, the rate of growth is very 
much reduced. This supports the view that certain microorganisms in the 
digestive tract supply essential dietary constituents and the absence of these 
organisms is manifested in a reduced rate of growth. But the question also arises, 
does the reduction in the rate of growth on Diet 3 result from the destruction 
of an essential nutrient during autoclaving, or from the toxicity of one of the 
vitamins, since these were included at a higher concentration in the sterilized 
diets? Neither of these hypothesis seem to be borne out, in view of the more 
rapid rate of growth on Diet 4. This diet was formulated to equal Diet 3, but 
the quantity of the amino acids, cystine and glycine was increased. Under aseptic 
conditions Michelbacher, Hoskins and Herms (1932) have shown that casein 
needs to be supplemented with additional cystine for normal growth of flesh 
flies. From this it would appear that under aseptic conditions, more’ cystine is 
required for growth in the cockroach than casein can supply, but under non- 
aseptic conditions, the demand is satisfied. This indicates that cystine may be an 
essential amino acid in the cockroach. 


Summary 
Diets were formulated for nutritional studies with the cockroach, Blattella 
germanica (L.). Among these was a chemically defined diet consisting of known 
quantities of amino acids, carbohydrates, vitamins, fats, sterols and minerals. 
Nymphs reared on this diet under aseptic conditions reached maturity and 
reproduced. The growth on the synthetic diet was approximately two-thirds of 
that recorded on a diet of natural substances. Nevertheless, it is considered that 
the diet is particularly well suited for studies on the nutritional requirements of 
B. germanica. 
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On the Taxonomic Status of the European Spruce Sawfly, 
Gilpinia hercyniae (Htg.) (Hymenoptera, Diprionidae) 
By Dr. E. W. Forster 


Zoological Collection of the Bavarian State, Munich 


In a paper published during the war Reeks’ pointed out that the sawfly 
which has caused much damage in the forests of Canada for about twenty years 
is identical with Lophyrus hercyniae, described by Hartig® in 1837. In the same 
work he proved that Hartig was correct in describing hercyniae as a species 
distinct from Lophyrus polytomus Htg. Enslin’s* view that the two species 
should be united under the name polytomus is quite wrong. Reeks has shown 
that important biological and anatomical differences exist between them. Benson’ 
erected the genus Gilpinia for the species polytomus and for allied species. Reeks 
was unable to examine the types of the two species, kept in the Hartig collection 
in Germany, and for that reason he sent to me some specimens of the “European 
spruce sawfly” from Canada, with the request that I compare them with the 
types in the Hartig collection. The results of my examination are as follows. 


In the Zoological Collection of the Bavarian State, at Munich, there are 
three specimens of Gilpinia hercyniae, 26 $ and 1, with the label “Diprion 
hercyniae Htg. Th. Hartig det. Cotypus”. This label was written by E. Clement, 
who worked through the Hartig collection some years ago. From the original 
labels on the pins and from the original list of the Hartig collection, I am able 
to state that two of the specimens belong to the original series collected at 
Clausthal, in the Harz Mountains, by Professor Saxesen in 1837. The other male 
bears no label and is believed to have come into the Hartig collection at a later 
date. The remainder of the original series of hercyniae was in the collection of 
the Forestry School at Eberswalde, where it was destroyed by fire during the 
last days of the war. Since no type was fixed by Hartig and no other original 
specimens exist, I have selected the only female as lectotype of the species 
Gilpinia hercyniae, and the male from the Harz Mountains as lectoparatype. In 
the Munich Collection there is no other male of this species but there are several 
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females from the following localities: Bavaria: Munich, Nuremburg, Bamberg, 
Franconian Jura; Pfalz: Homburg; Saxony: Leipzig, Rhineland: Hertogenwald, 
Schleswig: Sonderburg; Finland. 


Specimens of Gilpinia polytoma in the Munich Collection consist of 24 ¢, 
22 @, each labelled by Clement as “Diprion polytomus Htg., Th. Hartig det. 
Cotypus”. On the pins of these specimens are small green labels written by Hartig 
and bearing numbers corresponding to the numbers in his collection list, showing 
the specimens to be from the original series in the Thiergarten, at Berlin, where 
Hartig found the larva in May, 1834. The remainder of this original series was 
also destroyed at Eberswalde. I have selected one of the females as lectotype and 
the other three specimens as paratypes. There are numerous specimens of both 
sexes in the Munich Zoological Collection, from the following localities: 
Bavaria: Munich, Bavarian Alps, Nuremburg, Bamberg, Oberpfalz; Saxony: 
Tharand, Erzgebirge; South Tyrol: Mt. Baldo; Czechoslovakia: Neu Bistritz. 


In 1917 Enslin* compared females of polytoma with specimens of hercyniae, 
erroneously believing the latter to be polytoma. This led him to consider that his 
specimens were a distinct variety, which he named Lophyrus polytomus var. 
pseudopallidus. The types, two females, are in the Munich Collection; they do 
not differ in any way from specimens of polytoma.* 


N. Obrastzov was kind enough to examine the genitalia of Hartig’s types, 
and he is in complete agreement with the findings of Reeks’. Examination of 
the Canadian specimens and comparison with Hartig’s types have shown the 
Canadian “European spruce sawfly” to be Gilpinia hercyniae. 


As a result of this study of the types, I am able to confirm Reeks’ opinion 
that Gilpinia polytoma and Gilpinia hercyniae are distinct species. G. polytoma 
is widespread in Europe. Its method of reproduction is by arrhenotokous parthe- 
nogenesis; the number of males is the same as that of females. G. hercyniae is also 
widespread in Europe, but the species is thelytokous parthenogenetic; the males 
are very rare. 


I am indebted to Messrs. J. J. de Gryse and W. A. Reeks for their kindness 
in sending literature and Canadian specimens of the European spruce sawfly, 
and to N. Obrastzov for help in studying the genitalia of the types. 
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Differentiation by Small Mammal Predators Between Sound and 
Empty Cocoons of the European Spruce Sawfly’ 


By R. F. Morris 


Dominion Entomological Laboratory 
Fredericton, N.B. 


In a preliminary paper on the role of small mammals in the natural control 
of the European spruce sawfly, Gilpinia hercyniae (Htg.), the writer (7) 
recorded that shrews have a remarkable ability to select sound cocoons in prefer- 
ence to those which are dead or emptied by parasites. This ability was said to be 
much less apparent, however, in the rodents. However, various experimental 
aspects of the project on natural control were not completed. This was due 
mainly to the severe decimation of the sawfly resulting from the combined 
attacks of small mammals, disease, and parasites. Since the above statements have 
elicited some interest, it seems worthwhile to present the data on which they 
were based. Other aspects of the project, particularly those concerned with the 
populations of small mammals and their relation to forest site, and with the role 
of larval Elateridae, will be reported later. 


Cage Experiments 

Most of the data on cocoon selection were obtained from experiments with 
caged animals. In the first tests a small wire cage was used so that the mouse 
or shrew could be observed while making its selections. Under these conditions 
most animals displayed nervousness which seemed likely to affect their normal 
habits in selecting or rejecting cocoons. A large cage was then used having some 
25 square feet of floor space which was covered with a thick layer of damp 
moss. The cocoons were hidden under the moss and the various types of cocoons 
were thoroughly mixed, as they would normally occur in the forest. Each’ animal 
was tested individually, being transferred to the large cage in the evening and 
left undisturbed until the conclusion of the test the following morning. The 
cage was also stocked with other foods from the animals’ natural environment, 
so that cocoons normally rejected would not be opened due to hunger. 


The types of sawfly cocoons used in these experiments were as follows 


(Fig. 1): 

1. Sound cocoons containing living eonymphs, pronymphs, or pupae of 
the sawfly. , 

2. Cocoons in which the sawfly had died, from various causes, in some 


developmental stage. These cocoons had no openings but they had been dead 
for some time and the contents were dried up. 


3. Empty cocoons from which adults of the parasite Dablbominus fusci- 
pennis (Zett.) had emerged leaving a tiny hole approximately 0.8 mm. in diameter 
in each cocoon. 


4. Empty cocoons from which adults of the parasites Exenterus spp. had 
emerged, leaving a hole about 2 mm. in diameter. 


5. Empty cocoons from which the adult sawfly itself had emerged, cutting 
off the whole end. 

Only the species of small mammals most prevalent in the forests (7) were 
tested in the cage. They included one specimen of the short-tailed shrew, 
Blarina brevicauda pallida Smith, from New Brunswick; three specimens of the 
deer mouse, Peromyscus maniculatus abietorum (Bangs), from New Brunswick; 


1Contribution No. 2607, Division of Entomology, Science Service, Department of Agriculture, Ottawa. 













Tw Ww NV Ww we Oe le 


ne CO — MM CF me 


OD tt 


V5 
1¢ 








THE CANADIAN ENTOMOLOGIST 


ier Sate 


eons 










































rei peer 
oy 4 


| i } ; ? \ - 


Fic. 1. Spruce sawfly cocoons showing, left to right: (1) Emergence holes of Dablbominus 
fuscipennis (Zett.); (2) Emergence holes of Exenterus sp.; (3) Emergence holes of 
the sawfly itself; (4) Openings made by small mammals; (5) Openings made by larval 
Elateridae. Numbers on the scale are inches. (Photo by L. E. Williams). 
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two specimens of the red-backed vole, Clethrionomys gapperi ochraceus (Miller), 
from New Brunswick and one specimen of C. g. gaspeanus Anderson (fusco- 
dorsalis phase) from the Gaspé Peninsula. Unfortunately the cinereous shrew, 
Sorex cinereus acadicus Gilpin, is difficult to me alive and no specimens could 
be obtained for these experiments. Other data (below) suggest that it is probably 
similar to Blarina in its selection of cocoons. No significant differences were 
observed between the reactions of different individuals of the same species, nor 
were the tests sufficiently wide in scope to study this possibility. 

The results of the cage experiments are listed in Table 1. Between any two 
types of cocoons, differences in the proportion chewed open can be tested for 
significance by means of the chi-square test, adapted by Goulden (3) for (2 x 2) 
fold tables. Thus it can easily be proved that Blarina differentiates between sound 
and dead cocoons before chewing them, the possibility of such a selection 
occurring due to accident alone being much less than one chance in 100. For 
Peromyscus this ability is much less apparent but the chi-square test shows that 
a significant difference does exist between the selection of sound cocoons and of 
each of the other categories. Clethrionomys, on the other hand, shows no signi- 
ficant discrimination between sound, dead, or cocoons from which Dahlbominus 
had emerged. The selection by this rodent between sound cocoons and those 
with the relatively large emergence hole of Exenterus is just significant; the 
difference in Table 1 could occur as a result of chance in about two cases in 100. 
Cocoons with the large emergence hole of the sawfly itself were rarely chewed 
by any animal. The same applies nearly always to cocoons previously chewed 
open, but when an animal is under direct observation without cover it will often 
chew open both ends of the same cocoon as a result of nervousness. 

Unfortunately, no cocoons containing living parasites were available at the 
time of these experiments. Subsequently, however, Mr. W. A. Reeks made some 
tests with cocoons containing living prepupae and pupae of Dablbominus and the 
results suggested that both Blarina and the rodents accept these cocoons as readily 
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TABLE 1 


Results of Cage Experiments to Test Differentiation by Small 
Mammals in Selecting Cocoons of Gilpinia hercyniae. 




















Species Tyre of Cocoon No. No. % 
Opened | Unopened! Total Opened 

Blarina...:.. Cn BUN. s,s ote bea 60 12 72 83 
_ PO 6 54 60 10 
Dahlbominus—emerged .. 5 43 48 10 
Exenierus—emerged..... 5 43 48 10 
Gilpinia—emerged....... 0 48 48 0 

Pebmgeres...| CAVE SS... ES 121 23 144 84 
NG SS ko eins shee es 56 40 96 58 
Dahlbominus—emerged. . . 55 41 96 57 
Exenterus—emerged..... 65 79 144 45 
Gilpinia—emerged....... 1 95 96 1 

Clethrionomys | Living................. 112 56 168 67 
RE eee 92 58 150 61 
Dahlbominus—emerged.. . 76 44 120 63 
Exenterus—emerged...... 91 77 168 54 
Gilpinia—emerged....... 4 116 120 3 




















as those containing sawfly larvae. This would be expected, since parasites are 
probably as palatable to small animals as their host. 

No serious attempt was made to determine what criterion is used by small 
mammals in distinguishing sound cocoons before chewing them open, or whether 
this ability is hereditary or acquired. On several occasions Blarina was observed 
to choose a sound cocoon unerringly from a group of dead and empty ones. 
This suggests that the olfactory sense is largely involved. When a dead cocoon 
was smeared with the contents of a sound one, Blarina picked it up in its mouth 
but quickly dropped it before opening it, suggesting that the weight of the 
cocoon may also provide a clue. Cocoons from which sawflies had emerged were 
rarely opened and both rodents showed a, tendency to discriminate against 
cocoons from which Exenterus had emerged as compared to empty cocoons 
which were intact or had the small emergence hole of Dablbominus. Whether 
this was the result of visual or tactile stimuli was not observed. 

Dennis (2) recorded that worm-eaten nuts are rejected by squirrels and by 
progressively eliminating other sensory clues, concluded that this was based on 
olfactory stimuli. The rejection of bad nuts did not occur in all members of the 
species and he assumed, therefore, that it is a learned response. Shull (8) observed 
that Blarina has some method of distinguishing between empty snail shells and 
those normally occupied. Empty shells stuffed with sand and with the opening 
covered over were still rejected. This eliminated the muscular and tactile senses 
and since the shrew has very poor sight, he concluded that the distinction resulted 
from the odor of the snail. 


Field Experiments 
The planting of cocoons in the forest to ascertain which types are accepted 
has the disadvantage that it does not reveal differences in selective ability between 
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different species of mammals. This procedure was tried, nevertheless, but in prac- 
tically all cases the cocoons were either carried away or scattered so widely that 


they could not be found. Thus it was impossible to determine what types had 


’ actually been chewed open. The planting of sound cocoons, a technique alread 
y P P g q y 


used by Graham (4) for the larch sawfly proved useful, however, for other pur- 
poses. In this study 100 small stakes were distributed over an area of seven acres in 
a typical spruce stand. Near each stake was planted in the moss a small cheese- 
cloth bag containing five sound cocoons. At the end of each month the bags 
were dug up and examined and 500 fresh cocoons were planted. After the 
cocoons had been discovered by mammals, generally only the chewed bag 
remained. 

The results appear in Table 2 and show, in the first place, the relation of 
predation to season. In July and August only 38 per cent of the cocoons were 
taken but in November 91 per cent were discovered and taken, indicating a 
remarkable searching ability. Small mammal populations in the forest show an 
almost complete annual turnover, the numbers being very low in the spring and 
increasing to a peak at the cessation of breeding in the late fall. Thus the period 
of greatest predation coincides with the period of high mammal population. Food 
requirements in the fall are probably higher, vegetative food less plentiful, and 
the practice of hoarding cocoons is probably most common. This explains, in all 
probability, why the natural control of the sawfly by small mammals was highest 
in the Gaspé where there was one generation of sawfly annually, somewhat 
lower in New Brunswick where there were two generations, and still lower in 
some of the Northeastern States where there were three generations. The occur- 
rence of one or two generations in the spring and early summer gives the sawfly 
an opportunity to recuperate from the heavy predation on the overwintering 
cocoons spun in the fall. F 


TABLE 2 


Percent of Planted Cocoons Taken by Small Mammals on 
Two Areas in Central New Brunswick 











ae ee ere 
Juliet Sea en ko cen rane ss 38 No data 
Se ee c ek cies eek Seeker ccs 57 _ No data 
Ore: BCR ERs 23 87 8 
November............ Serrerreereee 91 9 











On a similar area (Plot F-18), cocoons were planted in October and No- 
vember. This plot had been live-trapped throughout the season for the study of 
seasonal population trends, with the result that Sorex was eliminated since it will 
not survive trapping. Blarina was of no importance on either plot and the rodent 
population consisted largely of Clethrionomys with small numbers of Peromyscus. 
Although it would have been desirable to have comparable plantings on F-18 
before the removal of Sorex, the results (Table 2) suggest quite strongly the 
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importance of this species in sawfly control. Hoards composed entirely of sound 
cocoons, sometimes numbering 300 or more, were found in some stands where 
Sorex was the only insectivore caught. This suggests that Sorex is at least as 
efficient as Blarina in distinguishing sound cocoons. 


Relation to Food Habits 


Table 3 presents a summary of the stomach analyses of 185 mice and shrews 
collected during the summer and fall of 1941. Sorex and Blarina are seen to feed 
largely on insects. Peromyscus is quite omnivorous, but 60 per cent of the 
stomachs contained insect remains either with or without vegetable matter. 
Clethrionomys is largely vegetarian, only 32 per cent of the stomachs containing 
insect remains. If Table 1 is compared with Table 3 it will be quite clear that the 
efficiency of the various species of mammals as predators is related to the 
proportion of insect food in the diet. As would be expected, the more insecti- 
vorous the species, the greater its ability to differentiate between sound and 
empty cocoons. 


The large cage described above was stocked with twenty types of natural 
food in addition to the cocoons. They included spruce seeds, and the berries, buds 
and foliage of a number of forest plants. Clethrionomys fed upon fourteen of 
these plants, Peromyscus upon five, and Blarina upon three. This agrees with the 
results of stomach analyses. 


Another factor apparently related to the animal’s efficiency as a predator is 
the rejection of certain parts of the sawfly eonymph, which is pulled out of the 
cocoon before it is eaten. The head and thoracic legs, which are more heavily 
sclerotized than the rest of the body, appear to be less palatable to small mammals. 
Blarina rejected these parts in about 80 per cent of the cases observed, Peromyscus 
in about 50, but Clethrionomys only occasionally. The rejection of these parts 
tends to make stomach analysis figures low, since the presence of undigested 
sclerites is usually the easiest way to determine whether or not the animal has 
been feeding on insects. Dr. M. L. Prebble observed in the Gaspé that Napaeozapus 
usually rejects these parts but Microtus only rarely, and also that the latter species 
was unable to recognize sound cocoons. In general, then, it would appear that the 
mice are intermediate between the shrews and the voles as insect predators. 


An interesting question, not answered in the course of this study, is whether 
the food habits of small mammals may vary according to the type of food readily 
available, or whether a certain ratio of plant and insect food is inherent in the 
diet. The present study was made in 1941, when the sawfly was greatly reduced 
below epidemic numbers. In 1933, when the sawfly was epidemic in the Gaspé, 
some stomach analyses were made by Dr. Prebble who reported that sawfly 


TABLE 3 


Relative Frequency of Occurrence in Percent for Insect and plant Food in 185 
Small Mammal Stomachs from the Gaspé and New Brunswick in 1941. 
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remains were commonly found in Sorex and Blarina but that most of the stomachs 
of Clethrionomys contained vegetable matter with insect parts in. only a few. 
In the absence of more conclusive data, this suggests that species which are largely 
vegetarian do not become highly insectivorous even when insects are abundant. 


. Importance in Entomology 


Not infrequently attempts are made to evaluate the role of different control 
factors by means of cocoon collections alone (1, 5, 6). Unless certain limitations 
are appreciated, this approach may lead to quite serious errors. In the first place, 
cocoons are commonly hoarded in openings under the large roots at the base 
of trees where they are often missed unless particular care is taken. Secondly, 
large numbers of mature larvae which drop to spin cocoons are eaten before 
they can do so, and no evidence is left behind of this predation. On a plot in 
the Gaspé, discrepancies between the number of sixth stage larvae which dropped 
and the number of cocoons subsequently found indicated that 50 percent of the 
larvae were destroyed before they had an opportunity to spin. Groups of larvae 
dissected from cocoons and left at marked points were usually taken during the 
first night. Thus if 60 percent of the cocoons in the Gaspé were found to have 
been opened by mammals, the actual control in terms of the mature larva would 
be 80 per cent. 


Particularly difficult are attempts to calculate the mutual interference or 
overlapping between various control factors. Consider a hypothetical collection 
of cocoons containing 25 per cent sound, 50 per cent opened by mammals, and 
the remaining 25 per cent dead due to other factors. To what extent have the 
mammals interfered with other control factors, or, in other words, what control 
would be exerted by these factors in the absence of small mammals? Neglecting 
the predation which occurs before the cocoon is spun, it might seem superficially 
that if only shrews were involved the control to be expected from other factors, 
in the absence of shrews, would still be only 25 per cent, since the shrews did 
not open cocoons already dead from other causes. On the other hand, if only 
Clethrionomys had been present, sound and dead cocoons would be opened in 
proportion to their occurrence. The conclusion would therefore be reached 
that one-half of the chewed cocoons were already dead and that 50 per cent 
control would have been effected by other factors in the absence of Clethri- 
onomys. Actually, of course, the problem is much more complex than this. In 
most stands shrews, mice, and voles are all present and their a proportions 
would be involved as well as the difference in their respective ability to select 
sound cocoons. The period of time from initial attack by other factors until the 
cocoon is rendered unacceptable to mammals is only one of several other 
complications which occur in evaluating control factors that affect the cocoon 
stage. 

Summary 


Small mammal species differ widely in their ability to distinguish between 
sound cocoons of the European spruce sawfly, Gilpinia hercyniae (Htg.), and 
those that are dead or are emptied by parasites. This ability is highly developed 
in the shrews (Sorex and Blaring), moderately developed in the mice (Peromys- 
cus), and practically lacking in the voles (Clethrionomys). Predatory efficiency 
in selecting cocoons is closely related to food habits, the more insectivorous the 
species, the more marked its ability to differentiate between cocoons. Shrews 
appear to depend largely on their sense of smell for recognizing sound cocoons. 
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Mammals that cannot distinguish empty, intact cocoons use visual or tactile 
responses in recognizing cocoons that have a fairly large opening in them. 
Owing to these specific differences and other factors discussed, there is little 
justification for analyses of control factor values and mutual interference based 
on cocoon collections alone. 
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A New Type of Microscope-Slide Cabinet* 
By T. H. Srovety 


Dominion Parasite Laboratory 
Belleville, Ontario 


A general requirement of most biological research laboratories is suitable 
compact storage 5 gy for microscope slides. This is particularly true where 
space is required for storing deeper preparations such as whole mounts in a 
horizontal plane with their identification labels in full view. Of the man 
commercial cabinets now available few appear to be entirely satisfactory. Al- 
though some are constructed to hold the slides horizontally, in these the slide 
holders are in the form of trays with a capacity of not more than one dozen 
slides and the trays are carried in grooves one above the other. In others, thin 
drawers are used in which the slides are laid side by side on the bottom. In the 
former, considerable handling is required to expose the labels of the slides. In 
the latter, slides easily become disarranged, and are exposed to an accumulation 
of dust; and though considerable space is required, the capacity of the drawers 
in most cases is limited to less than 100 slides. A cabinet in which a number of 
desirable features is incorporated has recently been developed at this laboratory, 
and a description of it constitutes the basis of the present paper. 

Essentially, the cabinet consists of a wooden box 24 in. by 24 in. by 24 in., 
containing ten vertical compartments or drawers. Each drawer is 24 in. long, 14 
in. wide, and 20} in. high and is constructed to hold five rows of slides with 
50 slides to each row, as shown in Fig. 1. The drawers are in many respects 
similar to the ordinary slide box when placed on end. Strips of clear plastic are 
fitted into grooves in front of each row of slides. These not only prevent the 
slides from falling out but also permit the free inspection of the labels. Thus, 
all the slides are held firmly in a flat position, are fully exposed to view, and are 
well protected from dust. A sliding, glass-topped drawer is built into the base 
of the cabinet. The drawer serves for keeping a complete index of the slides 
and may also be used as a table for examining or rearranging slides. 


*Contribution No. 2611, Division of Entomology, Science Service, Department of Agriculture, Ottawa. 
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Fic. 1. Microscope slide cabinet showing arrangement of drawers and slides. 


In the construction of the cabinet, 3 in. pine is used to form the frames, 
which are put together with mortise and tenon joints. The sides are covered 
with 4 in. plywood. Spaces of 14 in. are allowed for accommodation of the 
drawers. 

The drawers, apart from the vertical strips of hardwood carrying the 
grooves for the slides, are built on conventional lines with two wooden knobs 
for handles, as shown in Fig. 2. A six-inch false piece is allowed at the end 
of each drawer to allow the drawer to be drawn from the cabinet without 
danger of falling and to reduce strain on the frame caused by the weight of 
the slides. The grooves to carry the slides are placed one-quarter of an inch 
apart, or approximately twice the distance in most slide boxes. This arrange- 
ment provides for the storage of eight slides per three vertical inches of space 
and allows for an examination of the label and removal of a slide without the 
danger of disturbing others in the drawer. 

An outstanding feature of this cabinet is the use of 1/16 in. plastic strips to 
cover the individual rows of slides. The strips are fitted into grooves along the 
vertical columns, as shown in Fig. 2. At the top of each strip an extra thickness 
of 4 in. plastic is fastened for use as a handle for withdrawing the cover. This 
extra strip forms a ridge which protrudes far enough to provide bearing surface 
for the top of the drawer. To remove a slide from the cabinet the cover is 
drawn upwards; after the slide is removed the cover is allowed to drop back 
into place. 
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Fic. 2. Drawer removed from cabinet, showing vertical strips of plastic and false end-piece. 


The cabinets may be constructed in the form of units so that one may be 
placed one on top of another. Each cabinet as described has storage space for 
2500 slides in a space of 8 cu. ft. Thus, six units might be used for storage of 
15,000 slides requiring floor space of not more than 12 sq. ft. and wall space of 
not more than 24 sq. ft. All the slides would be held individually in a horizontal 
plane, would be easily removed when needed, and could be stored indefinitely 
free from direct light and the accumulation of dust. 

Acknowledgment is made to Mr. C. F. Nicholls for advice and assistance in 
the construction of the cabinets. 
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Lygus campestris (L.): A New Pest of Carrot Seed Crops’ 


By R. H. Hanprorp 


Dominion Entomological Laboratory 
Kamloops, British Columbia 


Introduction 

Lygus campestris (L.) was a major contributing factor in a disastrous reduc- 
tion of carrot seed yields in the district of Grand Forks, B.C., during 1947 and 
1948. 

Knight (1941) lists this species as “common in the northern states and 
Canada; Holarctic in distribution”. Of its food plants he reports: “Poison hem- 
lock (Conium maculatum) and other plants of the family Umbelliferae; Illinois 
specimens have been collected on wild parsnip (Pastinaca sativa) and cow parsnip 
(Heracleum lanatum). Reported in Massachusetts and New Brunswick as a pest 
on celery plants”. 


The writer was unable to find any reference in the literature to L. campestris 
as a pest of carrot crops, but from correspondence with Dr. H. C. Manis, State 
Entomologist, Moscow, Idaho, it was learned that this egy is not only a minor 
pest of carrot seed crops in that State but also attacks alfalfa. Dr. Manis also made 
some suggestions which were followed in the control experiments during the 
summer of 1948. 

Materials and Methods 

Five pairs of plots were laid out in the carrot crops of five different growers. 
One member of each pair was dusted with DDT; the other was left as an 
untreated check. The treated plots varied in size from 4 to 13 acres, and totalled 
34 acres. The check plots, which were not always of the same area as the corres- 
ponding treated plot, totalled only 34 acres. The treated plots received three 
applications of DDT dust either in late evening or very early morning on the 
following dates: (1) June 4 and 5, (2) June 22, and (3) ee 12. It was 
planned to use a 5% DDT dust for all three applications, but as floods interfered 
with the delivery of the material a mixture of 7% DDT and 0.06% pyrethrum, 
already available in Grand Forks, was substituted for the first treatment. The 
rates varied from 30 lb. to 38 lb. per acre depending on conditions and on the 
formulation used. A Niagara Liquid-Duster was used for applying the insecticide 
and sticker. 


Methods of estimating the insect populations had to be varied according to 
the stage of the pest and the stage of the growing crop. Early in the season, the 
bugs, all of which were mature, were usually found in the crown of the plant 
among the petioles of the new leaves. Under these circumstances, best estimates 
were obtained by parting the rosette of leaves and counting the insects as they 
were forced into the open. Later in the season, more specimens were located in 
the flower heads than elsewhere on the plant and good results could be secured 
by sweeping with an insect net. Some of the comparisons of populations are 
based, therefore, on 80 single strokes of a net per plot. In other instances, the 
insects were counted individually as they were exposed by manipulation of the 
flower heads. Comparisons by this method were based on counts from 80 heads 
selected at random. Sweeping gave a better measure of the adult population, but 
relatively more nymphs were secured by examination of the flower heads. How- 
ever, the total count in 80 sweeps did not exceed, to the extent that might have 
been expected, the total count for 80 heads. In any event the difference was not 
sufficient to influence seriously the results obtained. Both methods were used 


1Contribution No. 2613, Division of Entomology, Science Service, Department of Agriculture, Ottawa. 
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TABLE I. 
Comparison of Methods of Determining Lygus Populations 























Head Counts Sweeps 
Plot 
Adults Nymphs Adults | Nymphs 
Al (Before dusting)........... 2 49 51 | 25 
Al (After dusting)............ 0 0 4 0 
PR Cs resis 2.8: 2 347 80 | 414 
WON ii 0 bd 3d 5 4 396 135 | 439 








in some instances, but sweeping proved the quicker. Some of these points are 
illustrated by the data in Tables I and II. 


Results and Discussion 

The first application gave 80% to 98% control. At that time, the population 
consisted largely of overwintering adults. Nymphs predominated at the time of 
the second application and the control ranged from 95% to 99%, as shown in 
Table II. At this time, too, the plants in the treated plots were six inches to eight 
inches taller than those in the checks and appeared to have many more flower 
heads. Control resulting from the third application was also very good but 
probably a little less effective than that of the preceding two dates. Quantitative 
determinations of control were not made following the third application. 


TABLE II 


Comparison of Lygus Populations on Check Plots with those of Corresponding 
Dusted Plots before and after Second Treatment. 
































| 
: Treated Plots Check Plots % Net 

une Before 36 hr. After Fits | Control 

Adults |Nymphs| Adults | Nymphs | Adults | Nymphs | 
Al 51 25 4. 0 » A2 | 52 | 513 99 
Bi 6* 200* o* | 8* B2 | I | SS 
— 1. TS ae or 2s oe 10* | 87*| 98 
D1 | — — 15 1 D2 93 | 207 95 
E1 ieee — 6 | 0 | E2 54 176 97 
| | 











~ * Based on counts of 80 flower heads; unmarked data based on 80 single strokes of sw eep net. 


In order to get a rough idea of the probable effect of the DDT on bugs 
entering the treated area, a few were collected and placed in vials on June 24. 
A small carrot seed head from the untreated plot was placed with one group 
of ten nymphs; a head from the treated plot was used with the other group. 
Some mortality in the vial containing the treated head was observed within 16 
hours. Complete mortality occurred within 48 hours, at which time there was 
no mortality in the vial containing the untreated head. Further evidence of very 
effective residual action was the sharp line of demarkation between the Lygus 


populations of contiguous treated and untreated plots, still apparent three to six 
weeks after treatment. 
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The seed yields, in terms of samples cleaned and ready for market, varied 
from 108 Ib. to 442 lb. per acre on the treated plots and from 20 lb. to 175 Ib. 
on the untreated plots, as shown in Table III. The reversal of yields in plots E1 
and Ez is probably due to factors other than insects. A high proportion of the 
carrot roots died in both plots, and they were planted on rather unsuitable, 
sandy soil. As might have been expected, the greatest difference occurred in 
plots Ar and Az, where the yields as well as the bug population were highest 

(Table II). In all, the treated plots averaged 241 lb. per acre and the untreated 
plots 1o1 Ib. per acre. At current prices of carrot seed this represents an average 
monetary increase of about $70 per acre, less approximately $20 per acre for 
materials and costs of application. 

















TABLE III 
Pounds of Carrot Seed Per Acre 
Treated Untreated 

Plot Yield Plot Yield 

Al 442 A2 166 

Bl 272 B2 20 

C1 192 C2 55 

D1 211 D2 90 

E1 108 E2 175 
Average 241 101 














On the basis of results obtained by a few of the growers and observed by 
the writer, it is believed that an earlier dusting at the time the overwintering 
adults of L. campestris first made their appearance on the carrot plants, would 
have increased the yields still further, sufficiently so to more than pay the cost 
of the extra operation. Certainly the early damage done to the base of the young 
plants by the overwintering adults appears to be more or less irreparable. The 
feeding at that time, and no doubt the mechanical injury and the possible injection 
of glandular secretions, appears to cause a degree of stunting from which the 
plants recover only partially, regardless of how favourable growing conditions 
may subsequently become. Later in the season both nymphs and adults feed on 
the pedicels and developing seeds, a type of injury that can easily be prevented 
by the use of DDT. 

The increase in yield of 140 lb. per acre of marketable carrot seed is sufficient 
to justify the control efforts, but the total yields are still well below those obtained 
three and four years ago, and the resulting increase may yet prove insufficient 
to save the industry in the Grand Forks district. Another experiment is contem- 
plated in 1949 to determine whether or not any further improvement in yield 
may be secured by an additional earlier application of DDT dust. There are 
indications that other factors besides the insects are responsible for low yields. 
In some fields, for instance, many of the plants died within a few weeks after 
growth had begun, the roots showing practically complete decay (e.g., plots 
Cr and E1, Table II). Though proof is lacking, it may also be found that the 
nutritional content of the soil is unsatisfactory, or that soil moisture and/or 
weather conditions may have contributed to the losses. 
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Life-History Notes 

Notes on the life-history of L. campestris were made as sapeney arose. 
However, the writer was unable to visit the area more frequently than once in 
three weeks; hence the dates recorded for the occurrence of the different stages 
are only approximate. 

Since adults were dominant during the latter part of the season, and were 
present before carrots were planted in the spring, it is assumed that the species 
goes through the winter in the adult stage. 

Overwintering adults were observed to be active as early as April 15, before 
planting had begun. Some of these found their way to the. new carrot crops 
somewhat before May 19, the next date on which observations were made. Large 
numbers of eggs were found embedded in the petioles, and to a lesser extent in 
the pedicels and main stem, by June 5, and it was assumed that oviposition had 
probably begun ten days to two weeks earlier. By June 7, an occasional first- 
instar nymph was encountered. The nymphal population reached its maximum 
about June 24. A few first-generation adults were also present at that time, and 
by July 7 adults were more numerous than nymphs. Nymphs of the second 
generation were dominant by August 11, but adults again formed most of the 
population by August 26. All stages seemed to have been greatly reduced in 
numbers by the latter date. It is assumed, therefore, that there are only two 
generations per year. 

An interesting, and no doubt significant, feature of the observations was 
the fact that few L. campestris were found at any time on the carrots being 
grown for roots, even when such crops were grown within a few yards of the 


seed crops. Semen 


Lygus campestris (L.) was a major factor in seriously reducing carrot seed 
yields in the Grand Forks district of British Columbia during 1947 and 1948. 

This species overwinters in the adult stage and apparently passes through two 
generations per year. 

Three applications of DDT gave almost complete control of the insects 
present. 

Treated plots averaged 241 lb. of marketable seed per acre; untreated plots 
averaged 1o1 lb. per acre. 

There are indications that insects are by no means the only cause of the 
reduced yields, but the other factors are either ynknown or are still not appraised. 


Specimens of L. campestris were rarely taken at any time from carrots being 
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Spiders (Order, Aranea) from the District of Mackenzie 


By T. B. Kurata 


Royal Ontario Museum of Zoology 
Toronto, Ontario 


The following list contains eighty-six species of spiders collected in the 
Mackenzie District. The greater portion of species were collected in the vicinity 
of Great Slave Lake; however, a few of these were from Fort Smith, close to the 
southern boundary of the Mackenzie District, and Great Bear Lake. 


The collection was made during the summers of 1945, 46 and °47. The 
major portion of the collection was due to the efforts of Dr. D. S. Rawson, 
Department of Biology, University of Saskatchewan; Dr. J. G. Oughton, form- 
erly of the Royal Ontario Museum of Zoology*, Mr. J. R. Vockeroth of the 


University of Saskatchewan, and Dr. W. A. Kennedy, of the Biological Board of 
Canada. 


The following abbreviations have been used in this paper: Dr. John G. 
Oughton—J.G.O.; Dr. D. S. Rawson—D.S.R.; Dr. W. A. Kennedy—W.A.K.; 
J. R. Vockeroth—J.R.V.; Great Slave Lake is abbreviated G.S.L. and Great 
Bear Lake, G.B.L. 

Crustulina altera Gertsch & Archer 

Fort Smith, July 7, 1946, @ 2 (J.G.O.); Gros Cap, G.S.L., July 2, 1947, 
@ (D.S.R.). 

Lithyphantes albomaculatus (DeGeer) 

Fort Smith, June 7, 1946, 2 (J.G.O.); Pearson Pt., G.S.L., Aug. 10, 1947, 2 
(D.S.R.). 

Steatoda borealis (Hentz) ‘ 

Yellowknife, G.S.L., Aug. 30, 1945, ¢ (J.G.O.); Outpost Is., G.S.L., Sept. 1, 
1945,3,2 2(J.G.O.); Resolution, G.S.L., June 26, 1945,2 ?(J.G.O.); Fort 
Smith, June 7, 1946, 2 (J.G.O.); Gros Cap, G.S.L., July 2, 1947, @ (D.S.R.). 
Theridion frigicola Chamberlin & Ivie 

Pearson Pt., G.S.L., July 10, 1947, @ (D.S.R.). 

Theridion zelotypum Emerton 

Great Bear Lake, Aug. 1945, 2 (W.A.K.); Gros Cap, G.S.L., July 26, 1947, 
@ (D.S.R.); Wilson Pt., G.S.L., Aug. 5, 1947, @ (D.S.R.). 

Bathyphantes conicus (Emerton) 

Gros Cap, G.S.L., July 2, 1947, @ (D.S.R.). 
Estrandia grandaeva (Keyserling) 

Outpost Is., G.S.L., Sept. 3, 1945, 22 (J.G.O.); Pearson Pt., GS.L., 
August 11, 1946, ,2 (J.G.O.); Reliance, G.S.L., Aug. 26, 1944, 2 (J.G.O.); 
Smith Arm, G.B.L., Aug. 1945, 2 (W.A.K.); Outpost Is., G.S.L., Aug. 26, 1945, 
2 2 (J.G.O.). 

Lepthyphantes alpinus (Emerton) 

Pearson Pt., G.S.L., July 8-10, 1947, 2 (D.S.R.). 
Lepthyphantes triamus Chamberlin & Ivie 

Yellowknife, G.S.L., Aug. 30, 1945, 2 (J.G.O.). 
Lepthyphantes washingtoni Zorsch 

Pearson Pt., G.S.L., July 8, 1947, 2 (D.S.R.). 
Helophola insignis (Blackwall) 

Resolution, G.S.L., Aug. 23, 1947, ¢ (D.S.R.). 


*Now on the staff of the- Ontario Agrifuitural College, Guelph, Ontario. 
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Liny phia limitanea Emerton 

White Beach Pt., G.S.L., Aug. 28, 1944, Imm. (J.G.O.). 
Linyphia lineata Linnaeus 

Fort Smith, June 27, 1946, 2 (J.G.O.). 

Pityohyphantes costatus (Hentz) 

White Beach Pt., G.S.L., Aug. 28, 1944, Imm. (J.G.O.). 
Pityobyphantes subarctica Chamberlin & Ivie 

Resolution, G.S.L., June 24, 1945,6 $,2(J.G.O.); Outpost Is., G.S.L., 
Sept. 3, 1945, 2 (J.G.O.); Wilson I., G.S.L., July 21, 1947, ¢ (D.S.R.); Gros Cap, 
GS.L., July 21, 1947, 2 (D.S.R.); Pearson Pt., G.S.L., July 10, 1947, 6, (D.S.R.). 
Pusillia bonita Chamberlin & Ivie 

Gros Cap, G.S.L., Aug. 6, 1947,2 ? (D.S.R.). 

Ceraticelus bolbosa (Emerton) 

Resolution, G.S.L., June 25, 1945, ¢ (J.R.V.). 
Dismodicus decemoculatum (Emerton) 

Gros Cap, G.S.L., July 20, 1947,? ¢ (D.S.R.). 
Gonathonarium famelicum (Keyserling) 

Franklin, G.B.L., June-July, 1945, 9 (W.A.K.); Narrow I. G.S.L., Aug. 6, 
1945,8 6,2 2(J.R.V.); Snowdrift, GS.L. Aug. 18, 1946,4 3,?(J.G.O.); 
Hearn Channel, G.S.L., July 19, 1947, 2 (D.S.R.). 

Hypselistes florens (Cambridge) 

Fort Smith, Sept. 10, 1947, 4 (D.S.R.). 
Minyriolus aquatilis Crosby & Bishop 

Gros Cap, G.S.L., July 2, 1947,? ¢ (D.S.R.). 
Scylaceus pallidus (Emerton) 

Gros Cap, G.S.L., Aug. 4, 1947, 2 (D.S.R.). 
Sciastes terrestris (Emerton) 

Resolution, G.S.L., June 25, 1945, 2 2 (J.G.O.). 
Walckenaera vigilax (Blackwall) 

Gros Cap, G.S.L., Sept. 1, 1947, 2 (D.S.R.). 
Epeira cornutus (Clerck) 

Resolution, G.S.L., Aug. 16, 1945, 2 (J-G.O.); Blanchet I., G.S.L., Aug. 20, 
1945,6,2 2 (J.G.O.); Outpost Is., G.S.L., June 27, 1945, 4,2 (J-G.O.); Green 
I, GS.L., June 27, 1945,6,2 (J-G.O.); Pearson Pt., G.S.L., Aug. 12, 1947, 
2 2(D.S.R.). 

Epeira patagiata (Clerck) 

South Arm, G.B.L., Aug. 1945, 2 ¢ (W.A.K.); McVicar Arm, G.B.L., Aug. 
1945,? @ (W.A.K.); White Beach Pt., G.S.L., Aug. 28, 1944, 2 (J.G.O.); Out- 
post Is., G.S.L., Sept. 3, 1945,6 ¢,2 2 (J.G.O.); Resolution, G.S.L., Aug. 26, 
1945,¢ ? (J.R.V.); Gros Cap, G.S.L., Aug. 4, 1947,  (DS.R.). 

Epeira sericata (Clerck) 

Resolution, G.S.L., Aug. 22, 1947,? (D.S.R.); Gros Cap, G.S.L., Aug. 11, 
1947, ¢ (D.S.R.); Gros Cap, G.S.L., July 6, 1947, 2 (D.S.R.). 

Singa melania Chamberlin & Ivie 

Gros Cap, G.S.L., Aug. 4, 1947, Imm. (DSR). 
Zygiella montana (Koch) 

Pearson Pt., G.S.L., Aug. 6, 1946, 2 (J.G.0.). 
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Tetragnatha extensa (Linnaeus) 
Outpost Is., G.S.L., July 25, 1945, 3 ¢,9 ¢ (J.G.O.); Pearson Pt., G.S.L., 
July 9, 1947,6 6,2 2(DS.R.); Wilson IL, GS.L., July 5, 1947,¢ (DS.R.); 
Gros Cap, G.S.L., Aug. 4, 1947,8 ¢,? 2 (D.S.R.); Et-Thead, G.S.L., Aug. 18, 
1947,6 6,2 2(DS.R.). 
Tetragnatha laboriosa Hentz 
Gros Cap, G.S.L., Sept. 1, 1947,2 ? (D.S.R.). 
Tetragnatha versicolor Walckenaer 

Gros Cap, G.S.L., July 8, 1947, 8 (D.S.R.); Pearson Pt., G.S.L., Aug. 14, 

1947, ¢(DS.R.). 
Tetragnatha variabilis Walckenaer 

Resolution, G.S.L., June 26, 1945, ¢ (J.R.V.). 
Neoantistea radula (Emerton) 

Outpost Is., G.S.L., July 24, 1945, ? (J-G.O.). 
Neoantistea riparia (Keyserling) 

Snowdrift, East Arm, G.S.L., Aug. 18, 1946, 8,9 (J.G.O.); Outpost Is., 
G.S.L., July 24, 1945, 2 (J.G.O.). 

Dolomedes scopularis Koch 

Kakisa Lake, G.S.L., Aug. 1, 1946, 2 (J.G.O.). 
Arctosa alpigena (Dolschal) 

Gros Cap, G.S.L., Aug. 4, 1947, 2 (D.S.R.). 

Pardosa concinna (Thorell) 

Port Radium, G.B.L., June & July, 1945, 9 (W.A.K.). 
Pardosa fuscxla (Thorell) ; 

Resolution, G.S.L., June 26, 1945, 3 2,2 2 (J.R.V.). 
Pardosa groenlandica (Thorell) 

Pearson Pt., G.S.L., July 18, 1947,6,? (D.S.R.); Yellowknife Bay, G.S.L., 
Aug. 26, 1944, 2 ¢ (J-G.O.); Resolution, G.S.L., Aug. 26, 1945, 6,2 ¢ (J.G.O.); 
Green Is., G.S.L., June 27, 1945,  (J.G.O.); Fort Smith, May 27, 1946, ? (J.G.O.); 
Kakisa Lake, G.S.L., Aug. 1, 1946, 2 (J.G.O.). 

Pardosa moesta Banks 

Kakisa Lake, G.S.L., Aug. 18, 1946, 2 (J.G.O.); Resolution, G.S.L., June 26, 
1945,2 2 (J.G.O.). 

Pardosa uintana Gertsch 

Port Radium, G.B.L., June-July, 1945,9 (W.A.K.); Pearson Pt., G.S.L., 
July 10, 1947,  (D.S.R.); Gros Cap, G.S.L., July 6, 1947, 6 (D.S.R.). 

Pardosa xerampelina (Keyserling) 

Kakisa Lake, G.S.L., Aug. 18, 1946, 2 (J.G.O.); Resolution, G.S.L., June 26, 
1945, 6,2 (J.G.O.). 

Pirata arenicola Emerton 
Resolution, G.S.L., June 27, 1946, 2 (J.G.O.). 
Pirata insularis Emerton 
Resolution, G.S.L., June 26, 1945,2 ? (J.R.V.). 
Pirata piratica (Clerck) 
Resolution, G.S.L., June 24, 1945, 2 2 (J.R.V.). 
Tarentula sculeata (Clerck) 
Pearson Pt., G.S.L., July 18, 1947, 2 (D.S.R.). 
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Drassodes neglectus (Keyserling) 


Yellowknife Bay, G.S.L., Aug. 26, 1944, Imm. (J.G.O.); Hearn Channel, 
GS.L., Aug. 6, 1945, Imm. (J.G.O.). 


Gnaphosa brumalis Thorell 
Yellowknife, G.S.L., Aug. 26, 1944, 2 (J.G.O.); Gros Cap, G.S.L., Aug. 6, 
1947, 2 (D.S.R.). 
Gnaphosa muscorum (L. Koch) 
Port Radium, G.B.L., June-July 1945,9 (W.A.K.); Smith Arm, G.B.L., 
June-July 1945, 2? (W.A.K.); Fort Smith, Sept. 10, 1947, 2 (D.S.R.). 
Orodrassus coloradensis (Emerton) 
Gros Cap, G.S.L., Aug. 11, 1947, Imm.,  (D.S.R.). 
Zelotes subterraneus (C. L. Koch) 
Pearson Pt., G.S.L., July 10, 1947, 8, ? (D.S.R.). 
Clubiona carpenterae Fox 
Pearson Pt., G.S.L., July 10, 1947, 2 (D.S.R.). 
Clubiona praematura Emerton 
Resolution, G.S.L., June 24, 1945, 2 (J.G.O.). 
Micaria altana Gertsch 
Gros Cap, G.S.L., July 2, 1947, 2 (D.S.R.). 
Coriarachne brunnepes Banks 
Gros Cap, G.S.L., July 2, 1947, 2 (D.S.R.). 
Coriarachne lenta (Walckenaer) 
Fort Smith, May 27, 1946, 2 (J.G.O.). 
Philodromus alascensis Keyserling 
Gros Cap, G.S.L., Aug. 6, 1947, @ ? (D.S.R.). 
Philodromus aureolus (Clerck) 
Gros Cap, G.S.L., July 2, 1947, Imm. (D.S.R.); Resolution, G.S.L., July 26, 


1945, 6 6,2 2(J.G.O.); Green I., G.S.L., June 24, 1945, ¢ ¢ (J.G.O.); Pearson 
Pt., G.S.L., July 10, 1947, ? (D.S.R.). 


Philodromus bidentatus Emerton 
Resolution, G.S.L., June 24, 1946,  (J.G.O.). 
Philodromus rufus Walckenaer 
Gros Cap, G.S.L., Aug. 4, 1947,? (D.S.R.); Pearson Pt., G.S.L., July 10, 
1947,  (D.S.R.); Resolution, G.S.L., June 26, 1945, 2? (J.G.O.). 
Thanatus striatus C. L. Koch 
Resolution, G.S.L., June 26, 1945, 2 (J.R.V.). 
Thanatus walteri Gertsch 
Resolution, G.S.L., June 24, 1945, 2 (J.G.O.). 
Tibellus maritimus (Menge) 
Resolution, G.S.L., June 26, 1945, ¢,2 2 (J.G.O.). 
Xysticus britcheri Gertsch 
Resolution, G.S.L., June 26, 1945, 2 (J.R.V.). 
Xysticus emertoni Keyserling 
Resolution, G.S.L., July 4, 1947,? (D.S.R.); Fort Smith, May 27, 1946, 9 
(J.G.O.). 
Xysticus triangulosus Emerton 


Pearson Pt., G.S.L., Aug. 10, 1947,? 2 (D.S.R.); Blanchet I., G.S.L., Aug. 
20, 1945, 2 (J.G.O.). 
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Evarcha hoyi (Peckham) 

Gros Cap, G.S.L., Aug. 11, 1947,  (D.S.R.); Pearson Pt., G.S.L., Aug. 13, 
1947, 2 (D.S.R.). 
Habronattus borealis (Banks) 

Yellowknife, G.S.L., Aug. 26, 1944, Imm. (J.G.O.). 
Metaphidippus aenelus (Curtis) 

Pearson Pt., G.S.L., July 10, 1947, ¢ (D.S.R.). 
Metaphidippus galathea (Walckenaer) 

Gros Cap, G.S.L., July 2, 1947,¢ (D.S.R.); Resolution, G.S.L., July 3-5, 
1947, 2 (D.S.R.). 
Metaphidippus jeffersoni (Emerton) 

Resolution, G.S.L., July 3-5, 1947, ¢ (D.S.R.); Gros Cap, G.S.L., Aug. 6-11, 
1947, ? (D.S.R.). 
Metaphidippus montanus (Emerton) 

Pearson Pt., G.S.L., July 10-18, 1947,2 2 (D.S.R.). 
Paraphidippus marginatus (Walckenaer) 

Fort Smith, May 29, 1946, ? (J.G.O.); Resolution, G.S.L., June 26, 1945, 
2 2 (J.G.O.). 
Phidippus altanus Gertsch 

Pearson Pt., G.S.L., July 10, 1947, 2 (D.S.R.). 
Phidippus purpuratus Keyserling 

Fort Smith, May 27, 1946,  (J.G.O.). 
Sitticus cruciatus (Emerton) 

Gros Cap, G.S.L., July 2, 1947, ? (D.S.R.). 
Sitticus palustsis (Peckham) ; 

Gros Cap, G.S.L., Aug. 21, 1947, 2,9? (D.S.R.); Kakisa Lake, G.S.L., Aug. 
18, 1946, 2 (J.G.O.). 
Dictyna annulipes (Blackwall) . 

Pearson Pt., G.S.L., July 10, 1947,¢ (D.S.R.); Gros Cap, G.S.L., July 2, 
1947, 2 (D.S.R.). 
Dictyna alaskae Chamberlin & Ivie 

Pearson Pt., G.S.L., July 10, 1947,  (D.S.R.). 
Dictyna brevitarsus Emerton 

Gros Cap, G.S.L., Aug. 11, 1947, ? (D.S.R.); Hearn Channel, G.S.L., July 
18, 1947, 2 (D.S.R.). 
Dictyna coloradensis Chamberlin 

Resolution, G.S.L., Aug. 20, 1945, 2 2 (J.G.O.); Blanchet I, G.S.L., June 
24, 1945, 2 (J.G.O.). 
Dictyna hoya Chamberlin & Ivie 

Pearson Pt., G.S.L., July 10, 1947, 2 (D.S.R.). 
Dictyna major Menge 

Resolution, G.S.L., July 3-5, 1947, 2 (D.S.R.) 
Dictyna waskis Chamberlin & Ivie 

Resolution, G.S.L., June 26, 1945, 2 (J.G.O.). 
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The Effect of Barometric Pressure Upon Oviposition of the 
Imported Cabbageworm, Pieris rapae (L.)* 
By W. P. Srepuen and R. D. Birp 


Dominion Entomological Laboratory, Brandon, Manitoba 


It is a well known fact that the flight of moths and some other insects is 
affected by barometric pressure, but it is not well known how this phenomenon 
affects other insect activity. In a study of the ecology of insects in vegetable 
gardens at Brandon, Man., in 1948, the relationship of barometric pressure to 
Insect activity was recorded. 

It was noted in the field that the imported cabbageworm adults behaved 
diffecently under varying weather conditions. During warm, clear days they 
did little but move about freely and feed, but on days that were overcast, par- 
ticularly preceding rain, they became active about the plants and appeared to 
be engaged mainly in egg laying. 

As a result of these field observations, a laboratory experiment was set up to 
determine the effect of varying barometric pressures upon the rate of oviposition 
of freshly caught adults. ‘ 

A two-quart sealer was used as thie main cage. This was capped with a 
two-holed rubber stopper, through which were inserted a thermometer and a 
glass T-tube for extracting or adding air. The entire surface was then waxed 
to ensure a tight seal. One end of the T-tube was attached to a manometer and 
the other end led to either the pressure or the suction pump. 

A fresh cabbage leaf along with fresh cabbageworm butterflies was intro- 
duced into the jar for each experiment. In the first experiment, 9 individuals 
were used. They were placed in the jar, with the cabbage leaf, at 1030.75 milli- 
bars pressure for one hour. The leaf was removed, the eggs were counted and 
removed, and the same leaf was returned to the cage with the same specimens for 
another hour at low pressure (900.25 millibars). In the second experiment the 
butterflies were exposed to the low pressure first, and then to high pressure, but 
the results were comparable. Temperatures were kept constant in both halves 
of each experiment. 

In five experiments the following results were obtained: — 








High | No. of eggs Low 


No. of eggs 
pressure | per female pressure 


per female 


No. of 
Test | specimens 





7 


| 4030 mbars. : | 900 mbars. 13.6 
| 1029 | ' 898 43.7 


988 0 - 942 18.0 


| 
990 | 930 | 16.3 
990 | 930 19.0 








In experiments B and E low pressure was used first. 


These data suggest a definite increase in oviposition during periods of low 
barometric pressure. 

Butterflies of the imported cabbageworm migrate in large numbers through- 
out southern Manitoba in July and August. Some of these insects develop 
locally but many fly in from the south. Barometric pressure appears to have a 
profound effect on their migrations. 

During periods of high pressure the butterflies are very active and fly long 
distances. Hence periods of high and low pressure w ould tend to disperse the 
population and promote egg laying over wide areas. 
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